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(54) ANTI-CORROSION METHOD OF REINFORCEMENT IN REINFORCED CONCRETE 

(57)Abstract: 

PROBLEIVj TO BE SOLVED: To prevent the corrosion of 
reinforcing bars with electric current flowing in sequence 
such as flame spray film - concrete - reinforcement - 
conduclor - flame spray film by flame spraying metals to 
the surfaces of reinforced concretes to form the film, and 
electrically connecting this film and reinforcing bars with r 
the coriductor to generate electromotive force for battery 
operation. 

SOLUTiON; Flarrie spray materials such as zinc, 
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aluminum, titanium, etc., are scattered as melt particles on the surfaces of reinforced 
concretes 1 by a flame spray gun, and the melt particles are sprayed on the concretes 1 to 
form a flame spray film 2. The flame spray film 2 is electrically connected to reinforcing bars 3 
with a conductor 4, and the concretes 1 are made as electrolyte to constitute a battery making 
the flame spray film 2 and reinforcing bars 3 as both poles. Then, a direct current flows along 
the suggested route of flame spray film 2 - concretes 1 - reinforcing bars - conductor - flame 
spray film with electromotive force generated by battery operation, and a resin coating layer 7 
is formed in the surface of the flame spray film 2. Accordingly, the corrosion of the reinforcing 
bars In the reinforced concretes can be prevented. 
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* NOTICES * 

IPG aad liNPIT are not responsible for any 
dieme^s mas&d by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
OFipnal precisely. 

2, **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Clalmis)] 

[Claim 1 iln a method of prevei^ting corrosion or a stcoei rod in ferro-concrete, on the surface of 
ferro-concrete, rest potential carries out thermal spraying of the iess nobie meta!, and forms 
the coat rather than iron. With electromotive force produced by a galvanic action which 
eiectricaiiy oonnects this coat and siee! rod witii ;i lead, makes two poles a thermaiiy sprayed 
film and a sieel rod, and uses concrete o.s di ■ Hie<-;iroiyte. How to prevent corrosion of a steel 
rod in ferro-concrete preventing corrosion of a sieel rod electrochemically by current which 
flows along with the usual route of a thermally sprayed film-concrete steel rod-lead-thermalfy 
sprayed film. 

[Ciaim 2]ln a method of preventing corrosion of a steel rod in ferro-concrete, on the surface of 
ferro-concrete, carry out thermal spraying of the less noble metal, and form that coat, and rest 
potential makes ejxteriial DC power interverse with a lead, and electrically connects thss coat 
and steel rod rather than iron. How to prevent corrosion of a steel rod in ferro-concrete 
preventing corrosion of a steel rod electrochemically by current which flows along with the 
usual route of a thermally sprayed film-concrete steel rod-lead-thermaliy sprayed film. 
[Claim 3jHovv to prevent corrosion of a steel rod in the ferro-concrete according to claim 1 or 2 
thickness of a iiiermaiiy sprayed film being 1 mm or less, and preventing exfoliation from a 
concrete sur-face which Is a thermal-spraying substrate of a thermally sprayed film. 
[Claim 4]Hovv to prevent corrosion of a steel rod in ferro-concrete of a statement in any 1 
paragraph of claims 1-3 setting to Rz(i zero-point avert^ge of roughness height)20micrometer a 
lower limit of surface roughness of concrete which is a thermal-spraying substrate, and 
improving bond strength of a thermally sprayed fifm and a concrete surface which is thermal- 
spraying substrates. 

[Claim 5] How to prevent corrosion of a steel rod in ferro-concrete of a statement in any 1 
paragraph of claims 1-4 providing a resin coating layer on the surface of a thermaiiy sprayed 
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film. 

[Claim 6jHow to prevent corrosion of a steel rod in ferro-co"c^ete of a statement in any 1 
paragraph of claims 1-4 providing a transparent resin coating layer on the surface of a 
thermally sprayed film. 

[Claim 7jHow to prevent corrosion of a steel rod in the ferro-concrete according to claim 5 or 6, 
wherein a resin coating layer is a waterproof thing, 

[Claim 81 How to prevent corrosion of a steei rod in ferro-concrete of a statement in any 1 
paragraph of cisims 1-7 providing a resin coating layer in the joined part surface of a thermally 
sprayed film and a lead. 



[Translation done.] 
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* NOTICES * 

JPQ and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2.**** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



DETAHeO DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention jAbout the method of preventing the ccOTOsion of tiie steel rod in ferro- 
concrete, especially to a reinforced concrete structure, it Is Gor?iparatively simple and 
protection coating is performed by low cost in this Invention. 

Ti ierefore, extefision of the life of a reinforced concrete structure is aimed at, and it is related 
with the metriod of preventing the corrosion of the steel rod in the ferro-concrete which brings 
the construction industry field of the reinforced concrete structure consisting mainly of 
engineering works and construction, and its user great profits. 

P002] 

[Descnption of the Prior ArtjThe reinforced concrete structure which constitutes a breakwater, 
a bridge pier, a bridge girder, a building, etc., The steel rod in ferro-concrete corrodes during 
prolonged use, and it becomes impossible to maintain the function as a reinforced concrete 
structure due to the strength reduction as a steel rod, or the fall of the associative strength of a 
steel rod and concrete, A long-tenn construction period and high expense are spent, and It 
must stop having to deal with large-scale repair or reconstruction of the structure, etc. the 
corrosion of a steel rod - access - the mo^ture contained In the moisture of the sea water 
which infiltrates into inside into concrete through the surface of concrete or the crack of 
concrete, storm sewage, etc., and concrete acts on iron, and makes corrosive action cause 
electrochemically Then, various antlcorrosive methods are adopted from the former. For 
example, paint to (I) ferro-concrete surface. 

Although this method aims at preventing permeation of the moisture from the surface of ferro- 
concrete, it requires the repaint by degradation of the coating film by prolonged use. To the 
moisture originally contained in concrete, it is ineffective. 
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(2) Electrochemical protection by pasting of metai plates, such as zinc on the surface of ferro- 
concrete. 

Rest potential this method rather than iron on the surface of ferro-concrete A less noble rneial, 
for example, zinc, or [ sticking the board of aiuminiim, titanium, or those alloys, etc., eiectrically 
connecting those metal and steel rods with a lead, and using external DC power supply ] or 
the metal and the steel rod which were stuck being made into two poles, and, (Vietai-concrete 
steel rod-lead stuck with the electromotive force which produces concrete by the galvanic 
action used as an electrolyte - The corrosion of a steel rod is electrochernfcaliy prevented by 
the current which flows along with this usual route all over the closed circuit which returns to 
the stuck metal. This method has high execution cost in comparison, although the method of 
fixing a concrete surface and the metal to stick while maintaining an electric combination 
uniformly covering a large area is devised variously. 

(3) Protection coating construction to the steel rod surface. 

** . Although materials which are eiectrically insulating, such as vinyl, other synthetic resins, 
and ceramics, are beforehand covered on the surface of the steel rod and there is a method in 
which make it not make corrosive action cause olectrochemicaliy as an outflow and inflow of 
current being impossible from the surface of a steel rod, Generally, a portion with weak 
intensity intervenes between a steei rod and concrete, and spoils the soundness of ferro- 
concrete. 

** . Although methods, such as plating, cover the surface of a steei rod with a zinc alloy, an 
alumingm alloy, etc. beforehand and how to perform rust prevention of a steet rod can he 
considered, When a portion with weak intensity of a zinc alloy, an aluminum alloy, etc- 
generally Intervenes between concretes like ** and also ^ pMing non-delivery porttan or a 
damaged part exists practical, efectrochemical corrosive action is intensively received in these 
portions, and the life of a steel rod is shortened. 
** . f^he aforementioned ** and ** become a high cost. 
[0003] 

[Means for Solving the Problem]this invention relates to a method of (2) paragraphs illustrated 
as said Prior art, and rest potential shown in (2) paragraphs replaces with pasting to a concrete 
surface of a less noble metal board or its alloy plate, and makes a coat of the metal concemed 
form in a concrete surface rather than iron in this invention, thermal spraying of a metallic 
material to the surface of concrete is adopted as a method of forming this coat, and in respect 
of simple | of construction ], and expense, dominance ** is made profitably like, acquiring 
pasting of a metal plate etc., and an effect equivalent in respect of art. That is, this invention is 
the method of preventing corrosion of a steel rod in ferro-concrete of the following composition, 

(1) In a method of preventing corrosion of a steel rod in ferro-concrete, on the surface of ferro- 



http://www4.ipdl. iripit.go.jp/cgi-bia/tran_webcgiejje?atwu=http%3A%2F%2Fwww4. 8/18/09 



JF,1 1-081 502,A rOETAILED DESCRJPTION] 



Page 3 of 9 



concrete, rest potential carries out thermal spraying of the less nobk) metal, and forms the coat 
rather than Iron, With electromotive force produced by a galvanic action which electrically 
connects this coat and steel rod with a iead, makes two poles a thermally sprayed film and a 
steel rod, and uses concrete as ar^ electrolyte. How to prevent corrosion of a steel rod in ferro- 
concrete preventing corrosion of a steel rod electrochemicaiiy by current which flows along 
with the usual route of a thermaliy sprayed fiim-concrete steel fod-iead-thermaily sprayed film. 

(2) In a method of preventing corrosion of a stee! rod in ferro-concrete, on the suriace of ferro- 
concrete, rest potential carries out thermal spraying of the less noble metal, and forms the coat 
rather than iron, How to prevent corrosion of a stee! rod In ferro-concrete making external DC 
power intervene with a iead, eleclrically connecting this coat and steel rod, and preventing 
corrosion of a stee! rod electrochemicaiiy by current which flows along with the usual route of a 
theriTiahy sprayed film-concrete $teel rod-lead-thermally sprayed film. 

(3) How to prevent corrosion of a steei rod In (1) paragraph Uiickness of a thermally sprayed 
film being 1 mm or less, and preventing exfoliation from a concrete surface which is a thermal- 
spraying substrate of a thermally sprayed film, or ferro-concrete given in (2) paragraphs. 

(4) A lower limit of surface roughness of concrete which is a thermal-spraying substrate is set 
to R2(i zero-point average of roughness height)20micrometer, How to prevent con-osion of a 
steel rod In ferrO'Cor^crete of a statement in any 1 paragraph of a (1) paragraph - (3) paragraph 
improving bond strength of a thermally sprayed film and a concrete surface which is thermaf- 
spraying substrates. 

(5) How to prevent corrosion of a steel rod in ferro-concrete of a statement in any 1 paragraph 
of a (1) paragraph - (4) paragraph providing a resin coating layer on the surface. of a thermally 
sprayed film. 

(6) How to prevent corrosion of a steel rod in ferro-concrete of a statement in any 1 paragraph 
of a (1) paragraph - (4) paragraph providing a transparent resin coating layer on the surface of 
a thermally sprayed film. 

(7) How to prevent corrosion of a steel rod in ferro-concrete of a statement in (5) paragraphs or 
(6) paragraphs, wherein a resin coating layer is a waterproof thing. 

(8) How to prevent corrosion of a steel rod in ferro-concrete of a statement in any 1 paragraph 
of a (1) paragraph - (7) paragraph providing a resin coating layer in the joined part surface of a 
thermally sprayed film and a lead. 

[0004] 

[Embodiment of the InventionjRest potential carries out thermal spraying of the less noble 
metal material to drawing 1 rather than iron on the ferro-concrete 1 surface, the thermally 
sprayed film 2 is formed, and the sectional view in the state where the thermally sprayed film 2 
and steel rod 3 were electrically connected with the lead 4 is shown. 

(1) By making a reinforced concrete structure available in the state of corrosion-proof principle 
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drawing 1 , The cell which makes two poles the thermaiiy sprayed film 2 and the steel rod 3 by 
using concrete 1 as an electrolyte is constituted, and a direct current flows along with the usual 
route of the thermaiiy sprayed film 2-concrete 1 -steel rod 3-lead 4-therrrially sprayed film 2 with 
that electromotive force (this current is called protective current beiow). Although a steel rod 
always receives a reducing action according to this protective current, the oxidation is not 
received, that is, corrosion is not produced. This method is known as eiectnc anticorrosion art 
of a "galvanic anode system." The reference electrode 6 is beforehand laid underground into 
concrete, sn order to use it as a standard: of potential, when measuring the potenlia? of a steel 
rod if needed. Although known for the method of drawing 2 inserting DC power supply 6 in the 
middle of the lead 4 of drawirig 1 , and sending protective current according to this pov^er 
supply 6. as electric anticorrosion art of an "impressed current system", the operation is almost 
the &c3mo as the case of drawing 1 . 

(2) Thermal-spraying technical thermal-spraying art is well known as a simple method of 
forming the coat which has functions, such as abrasion proof and a heatproof, on the surface 
of material. In this invention, as shown In drawing J, in the thermal spraying gun 10 An electric 
arc, The wire which makes gas flame, a plasma Jet, etc. a heat source, and has a necessary 
function with this heat. Fuse thermal spray materials, such as a stick, powdered Zn, a ZnAi 
alloy, and aluminum, it is made to disperse as those melt particles 1 1, and the themfially 
sprayed film 2 is formed by spraying the surface of the substrate (concrete) 1 and making this 
deposit. Generally the combination with the thermally sprayed film 2 and the substrate 1 
surface is a mechanical combination, and when the spray particle 1 1 fused to minute 
unevenness of the base material surface gets twisted, it has obtained the bond strength of the 
thermally sprayed film 2 and the substrate 1 surface, therefore - the field of this bond strength 
" the relative roughness of a base material surface - it is large - ** - it is desirable. 
{0005}(3) As the paragraph of the construction material of a ttiermal spray material and the 
principle of **** aforementioned (1) "corrosion prevention" described, in order to carry out the 
corrosion prevention of the steel rod In concrete, the rest potential of the construction material 
of the thermal spray material for fornilng the thermally sprayed film 2 should just be ** from iron 
it. Therefore, m this invention, what is necessary Is just an alloy which makes zinc, aluminum, 
titanium, and these the main ingredients as construction material of the department of a 
thermal spraying material. Corresponding to the thermal spraying gun and heat source to be 
used, as long as the shape of a thermal spray material is suitable, a wire, a stick, and 
powdered any may be sufficient as it 

(4) the thermal-spraying heat source above - the paragraph of (2 "thermal-spraying art") ~ 
****** altriough there are an electric arc, gas flame, a plasma jet, etc. as a heat source for 
fusing a thermal spray material like, as long as it is suitable, in this invention, any may be 
sufficient corresponding to the thermal spray material to be used. 
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(5) The thickness of the thickness thermally sprayed rilrri of a thermally sprayed film does not 
have *™*' in particular on iherniai-spraying construction. However, since the combination with 
the thermally sprayed film 2 and the substrate 1 surface is a mechanical combination, 
modification may arise with remainmg stress that the thickness of the thermally sprayed film 2 
is excessive in a thermally sprayed film, and the thermally sprayed film 2 and the substrate 1 
msay exfoliate. Then, as for the thickness of a thermafly sprayed film, it is desirable to be 
referred to as a maximum of 1 mm practical. 

(6) the surface roughness above of concrete -- the paragraph of (2 "therrnal-spraying art") -- 
****** it is [ like J so desirable that the relative roughness of the concrete 1 surface is large in 
order to raise the bond strength of the thermally sprayed film 2 and the substrate 1, I.e., a 
concrete surface. A lower IJmit required as surface roughness of concrete is Rz(i zero point 
average of roughness height based on JIS B0601) 20micrometer. 

[0006] 

[Example]The example and comparative example of this invention are indicated below. 
** . The test-piece (a) concrete board test-piece concrete board for an examination prepares a 
300mmx3G0mmx60mm thing, and the examination contents and the thermal-spraying method 
of a test piece are as being shown in Table 1 , Consider it as A-C series and D series, and in A- 
C series the thing of a non-steel rod, In D series, a MIGAKI round bar (SGD400) 19 mm in 
diameter should be arranged a§ the steel rod 3 in the concrete board at the time shown in 
dra wing 4 , and the lead mfisrence electrode 5 for ft^liirit^ the corroded condition and 
anticorrosive effect of ttte steel rod 3 should be Nd ilcl^grdund. Preparation of the used 
cDncfete Is as being shown in Table 2. In D series, jn ^itier to give the environment which is 
easy to corrode, a concrete mass ratio and 0.3% of vvere mixed. That is, the fresh 
concrete in which NaC! of 1 0OxNaCI/<C+W+S+G+NaCI} »0.3 quantity was made to mix was 
placed in the mold of various construction material. After said fresh concrete placing, after 
recuperating oneself for one week all over room temperature **2 ** and the curing room of 
60**10% of relative humidity of 20; iiold out and it was recuperated 

for about 40 days in the above-men|lini«!l curing room. 
[0007] 
[Table 1] 
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[0008] 
[Table 2] 
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[C)()09Kt>) Performing thermal spraying to the concrete board 1 top which placed and 
recaperated Itself by the therrriai-spraying above by two kinds, electric arc spraying and flarne 
spraying, thermal-spraying metal used the pure zinc (Zn) wire. It offered as a sample also 
about the thing using a zinc aluminum alloy (Zn4-5%aiuminum) by electric arc spraying. The 
distance at the concrete board (substrate) 1 surface and the tip of thermal spraying equipment 
(thermal spraying gun 10) was about 25 cm (drawing 3). 

[0010]** . - measuring using the measurement sensing pin type measuring instrument of the 
measuring method (a) concrete surface granularity at cutoff value evaluation 12.5 mm in length 
of 2.5 mm - Rz (ten-point average-of-roughness-height JIS B0601) - a table -- the bottom. 

(b) It measured by the thickness measurement Erichsen thickness gage of the thermally 
sprayed film. 

(c) it asked with the adhesive strength test SRI style tension test machine of the thermally 
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sprayed film. In the position P1 and P2 which are shown in drawing 5, the adhesive strength of 
ihe thermal-spraying surface 2 and the substrate 1 was measured. 

(d) The electrical resistance type mortar moisture meter was used, and measurement of Uie 
measurement water content of concreie surface water content was performed for three days 
from saturation and saturation by open air neglect and three kinds of setting out of dryness. 

(e) Ttie strain gauge was stuck on the prescribed position of the test piece shown in drawing 5 
for hot and cold cycle test strain measurement. Namely, waterproof mold strain gauge MG1 
and IVIG2 were allocated in prescribed position MP1 of a n'ietaliizing coat, and MP2, and it 
examined by allocating 'waterproof moid strain gauge CG1 and CG2 in prescribed position CP1 
of the substrate 1 , and CP2 respectively. The **** repetition (0-90 **) was performed, and the 
adhesive strength test was done after 100 cycles. 

(f) Any thermaiiy sprayed film of the electric anticorrosion examination was constructed with 
the target thickness of 500 micrometers. The test piece of salt water watering was installed in 
the corrosion test tub which repeats salt water watering 5 hours, and dry 19 hours as 1 cycle, 
and measured the steel rod potential using the energizing amount and lead reference 
electrode by electrolysis in the electric circuit shown In drawing 6 with the test piece of the 
inland outdoors. When energization 122 days passed, the circuit was opened wide and the 
amount of depoiartzation of steei rod potential was measured. 

[001 1]** . The relation of the adhesive strength of the concrete surface granularity in the 
preparation I and II shown in the adhesive table 2 of the measurement result (a) concrete 
surface granularity and a thermally sprayed film and a thermally sprayed film is shown in 
^J'3^}Ml- of Rz increases 50-100 micrometers so that he can understand from the figure - 
when it was alike, and it followed and the increase of adhesive strength and Rz became more 
than it, it became a value of about 1 law. From the preparation i, on the whole, the direction of 
tl has high adhesive strength, and is dependent on the intensity of bed concrete. 

(b) The relation between concrete surface water content, the adhesive concrete surface water 
content of a thermaiiy sprayed film, and the adhesive strength of a thermally sprayed film is 
shown In drawing 8. There was no correlatlvity in water content and adhesive strength. 

(c) The relation between thermally sprayed film thickness, adhesive themially sprayed film 
thickness, and adhesive strength is shown in drawing 9. Adhesive strength became low as 
thickness became thick. Although it had influence of thickness, on the whole, the adhesive 
strength of flame spraying was high. 

(d) The amount measurement result of strains of a hot and cold cycle test hoi and cold cycle 
test is shown in drawing 10. It turns out that the strain action of concrete and a thermally 
sprayed film is in agreement, and follows. The adhesive strength after an examination also 
became 1.76-2.63MPa and a high value. 

(e) Aging of electric anticorrosion nature current density is shown in drawing 1 1 . The amount of 
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depolarization of the steel rod potential at the tiino of circuit opening and the current amount in 
front of circuit opening are shown in drawing 12 AJso in which specimen, the shift amoiint of 
the steel rod potential by sacrificial anode operation satisfies a 100-mV shift corrosion 
preveniion standard . 

(fi The following thing was checked from more than the conclusion. 

'* . If the increase of adhesive strength and Rz are set to not less than 50-100 micrometers as 
the surface roughness Rz increases, depending on ground intensity, it wiil become a fixed 
value. 

. Ground water content does not influence adhesion of a thermally sprayed film. 
** . Adhesive strength becomes low as thickness becomes thick, 
** . An adhesive property even with after [ good ] a hot-cold cycle is shown. 
** . Anything of the thermally sprayed film of salt water watering and inland outdoor 
environment satisfied the 100-mV shift corrosion prevention standard, 
[0012]Although the thermally sprayed film formed in the concrete board surface \s in the state 
exposed as It was, it has been plentifully neglected by this thermally sprayed film under severe 
natural environment, such as the seashore and an acid rain meteoric water part, and the 
thermally sprayed film itself is corroded and It stops pfaying the role of an electrode in the 
above in such a case. So, In improved this invention, a tmin coatinQ layer Is further formed on 
the surface of a thermally sprayed film, the corrosion of a thermally sprayed film is prevented, 
and endurance is increased. Especially the joined part of a thermally sprayed film and a lead 
has t)ad corrosion resistance, and tends to create a risk of both exfoliating. The concrete 
composition which solves the above technical proWem is shown in drawing 13 and dra wing 14. 
That is. the resin coating layer 7 is fonned in the surface of the thermaiiy sprayed film 2 by 
spray painting or brush coadng. Althoug^h what was excellent in a water resisting property, 
chemical resistance, weatherabitity, etc. is preferred as for a resin coating layer and an acrylic 
resin, an epoxy resin, a fluoro-resin, silicone, etc. are used* Since the transparent coating 
layers 7, such as especialfy acryiie resin coating, can see through the thermally sprayed film 2 
of the metallic luster of a ground and can also secure aesthetics over a long period of time, 
they are preferfed. 

imm 

[Effect of the inventlonJAccording to this invention, the coat formation by thermal spraying to a 
concrete surface, it has vast surface areas, such as a breakwater, a bridge pier, a bridge 
girder, and a building, even if it is a complicated-shaped reinforced concrete structure, it can 
construct comparatively simple and cheaply, and when moreover based on pasting of the 
meta! plate of conventional technology, etc., the above outstanding effect is acquired, in this 
way, the corrosion prevention of the steel rod in ferro-concrete can be realized in dominance in 
a technical side and the financial side. 
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[Translation done.] 
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